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A B S T R A C T
Introduction: Helicopter Emergency Medical Services (HEMS) exists to supplement the operations of ground-
based emergency care providers, mainly in high acuity cases. One of the important procedures frequently carried
out by HEMS personnel is endotracheal intubation. Several HEMS providers exist in South Africa, with a mix of
advanced life support personnel, however intubation success rates and adverse events have not been described in
any local HEMS operation.
Methods: This was a retrospective chart review of intubation-related data collected by a HEMS operation based
in Johannesburg over a 16-month period. First-pass and overall success rates were described, in addition to
perceived airway difficulty, adverse events and other data.
Results: Of the 49 cases recorded in the study period, one was excluded leaving 48 cases for analysis. Most cases
(n=34, 71%) involved young male trauma patients who were intubated with rapid sequence intubation. The
first pass success rate was 79% (n= 38) with an overall success rate of 98% (n= 47). At least one factor
suggesting airway difficulty was present in 29% (n=14) of cases, with most perceived airway difficulty related
to the high prevalence of trauma cases. At least one adverse event occurred in 27% (n= 13) of cases with
hypoxaemia, hypotension and bradycardia most prevalent.
Discussion: In this small sample of South African HEMS intubation cases, we found overall and first-pass success
rates comparable to those reported in similar contexts.
African relevance
• Prehospital endotracheal intubation has come under scrutiny in
many parts of the world.
• In low- and middle-income countries where hospitals are often re-
mote or poorly accessible, prehospital endotracheal intubation
might be of value.
• This study explores the safety of prehospital endotracheal intubation
within this context.
Introduction
Helicopter Emergency Medical Services (HEMS) exist in many parts
of the world and supplement the operations of ground-based emergency
care providers, mainly in the area of high acuity patient care. The ra-
tionale for funding HEMS is most often on the basis of advanced care
and shorter transfer times and the effect that has on improving patient
outcomes, although evidence in support of this is mixed and mainly
limited to severe trauma [1–4]. HEMS has been a feature of South
African prehospital emergency care since the early 1980s, with several
private and non-profit entities currently providing HEMS operations in
various parts of the country.
One of the key advanced procedures associated with HEMS-level of
care is endotracheal intubation (ETI), mainly in the form of rapid se-
quence intubation (RSI) and performed by a range of providers in-
cluding physicians, nurses and paramedics [5–7]. Studies of ETI in the
HEMS environment generally focus on overall- and first-pass success
rates and, less frequently, adverse events (AEs). Published studies have
identified overall success rates in HEMS ETI ranging between 96%
[8–10] and 100% [6], and a variety of AEs such as hypoxaemia, bra-
dycardia and hypotension with varied prevalences [7,11,12]. Although
the vast majority of these studies are descriptive, high success rates and
low AE rates in HEMS ETI are frequently attributed to rigorous training,
experienced providers, standardised protocols and robust clinical gov-
ernance procedures [13,14].
In South Africa, HEMS are staffed mainly by paramedics whose
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scopes of practice, including airway management, are broadly defined
as being at advanced life support level. Although this level of practice
uses drug-assisted ETI, there is some variation in practice ranging from
sedation-only ETI to RSI [15]. Despite HEMS operations having existed
for many decades in South Africa, the ETI success rates, AE profiles and
other characteristics of advanced airway management have not been
described or compared to others. To this end, our aim was to describe
ETI success rates, AE rates, as well as the rate of anticipated airway
difficulty and other factors in a South African HEMS service over a 16-
month period.
Methods
A retrospective chart review of ETIs done by HEMS crews over a 16-
month period was completed. Intubations performed between 1
December 2014 and 30 April 2016 were recorded on a standard airway
data form by each crew after the completion of a flight. The aim of this
form was to allow for clinical quality monitoring as well as clinical risk
mitigation. These forms were submitted anonymously, separate to the
standard patient report form, in order to facilitate a self-reporting
culture within the service. This form has since evolved into a mobile-
accessible online submission document, which was implemented during
the latter four months of the study period.
The HEMS, staffed by either degree or certificate/diploma qualified
paramedics, is based in the western parts of Johannesburg, an urban
city in the Gauteng province of South Africa. Gauteng is the most
densely populated province in South Africa, with a land mass area of
18,176 km2. The HEMS transports private (medical insurance), state,
road accident fund and workman’s compensation patients from the
scene of an incident or as an inter-facility transfer. During the study
period, the HEMS service completed on average 22 cases per month and
roughly 260 per annum. In South Africa, HEMS is normally activated as
a back-up resource by ground emergency medical services after con-
sultation with a medical officer or similar.
Within this specific HEMS, a standardised protocol is followed
whenever a prehospital intubation is attempted. This process is outlined
in Fig. 1. ETI is generally indicated in any patient in which an airway
needs to be established or secured, adequate oxygenation and ventila-
tion is needed or in cases where the clinical course is predicted to de-
teriorate before or during HEMS transfer. All patients are pre-
oxygenated for 3–5min while airway assessment, equipment checks
and premedication (e.g. analgesia, either morphine or ketamine), where
indicated, is administered. During the last six months of the data col-
lection period, apnoeic oxygenation was added to the protocol, in the
form of a nasal cannula placed at the end of the preoxygenation period.
Drug combinations used to facilitate ETI vary depending on the
qualification of the highest qualified paramedic. Degree qualified
paramedics perform RSI, with a choice of ketamine or etomidate for
induction and suxamethonium or rocuronium for primary neuromus-
cular blockade. Certificate or diploma qualified paramedics perform
sedation-only ETI, with either midazolam alone or a combination of
midazolam and morphine. Endotracheal tube position is confirmed
with waveform capnography and auscultation of the chest.
After three unsuccessful ETI attempts, a standard difficult airway
approach is followed involving equipment changes if necessary (e.g.
laryngoscope blade), adjunctive airway manoeuvres to improve lar-
yngoscopic view, use of a bougie, use of an alternative intubating de-
vice, placement of an extraglottic airway or surgical access.
All patients are mechanically ventilated during HEMS transfer with
ongoing post-intubation sedation using bolus doses of midazolam or
ketamine, and morphine for analgesia as required. Additional long-
acting paralysis is not routinely performed after RSI, only in cases
where it is required to facilitate adequate mechanical ventilation or
indicated based on the specific pathology of the patient.
For the purposes of this study, a predicted airway difficulty was
defined as a predetermined factor that either relates to the condition or
injuries of the patient, or the anatomical features of the patient that
may predict difficulty with ETI. An intubation attempt is defined as the
placing of a laryngoscope blade inside the mouth, with the aim of
viewing the glottis. Intubation success is defined as placement of the
distal end of the endotracheal tube and cuff in the trachea, as confirmed
by waveform capnopgraphy and chest auscultation. Success is reported
as first pass, meaning intubation success after a single attempt, or
overall, meaning intubation success after more than one attempt.
Adverse events are defined as clinical or equipment factors that
occurred during or immediately after intubation that have the potential
to negatively impact the patient’s condition. AEs include hypotension
(systolic blood pressure< 90mmHg), hypoxemia (SpO2 < 90%),
bradycardia (heart rate< 60 beats/minute), additional medication re-
quired (to re-paralyse or re-sedate the patient between attempts after
initial medication doses), cardiac arrest (any pulseless rhythm during or
immediately after an attempt at ETI whether successful or not),
equipment failure (malfunctioning equipment that is essential for en-
dotracheal intubation) and failed intubation (total inability to pass an
ETT).
Data from the airway data forms (both paper-based and electronic)
were manually extracted and entered into a spread sheet application for
descriptive analysis.
Ethical approval for this study was obtained by the Faculty of Health
Sciences Research Ethics Committee at the University of Johannesburg
(clearance number: REC-01-136-2016).
Results
A total of 49 ETI records were extracted and reviewed. A single
record did not disclose the number of intubation attempts and was
therefore excluded from analysis. Tables 1 and 2 describe the en-
dotracheal intubations sampled. The majority of patients intubated
were male (n=34, 71%) who were intubated in the urban (n= 28,
58%), prehospital setting (n=40, 83%) using RSI (n= 34, 71%). The
induction agent of choice was ketamine (n= 31, 65%), while the pa-
ralytic of choice was suxamethonium (n= 33, 69%).
The most prevalent indications for intubation were traumatic brain
injury (n=25, 52%) and multisystem trauma (n= 11, 23%) (Table 3).
Three patients (6%) were intubated for resuscitation in cardiac arrest.
Multiple indications applied in some cases.
Only 17% (n=8) of cases had no predicted airway difficulty on
assessment. In 58% (n= 28) of intubations undertaken in this period,
there were two or more factors that predicted a difficult airway or in-
tubation. The most prevalent factor predicting a difficult airway was
the presence of a suspected cervical spine injury, thus necessitating in-
line spinal motion restriction during laryngoscopy. Table 4 summarises
the predicted airway difficulty data.
The median Glasgow Coma Scale (GCS) for the sample was 6/15
before intubation and 2/10 after intubation. Most patients were ta-
chycardic and normotensive before and after intubation however, the
post-intubation systolic blood pressures were marginally lower when
compared to the pre-intubation systolic blood pressure (127mmHg
versus 120mmHg). The median pre-intubation pulse oximetry satura-
tion levels were 93%, while post-intubation saturations increased to
100%. These results are summarised in Table 5.
The first pass success rate (Table 6) in this sample was 79%
(n= 38), while the overall success rate was 98% (n= 47). There was
only one failed intubation in the 16-month period that was reviewed.
Adverse events occurred in a third of intubations (Table 7). The
most common AEs were hypotension and hypoxaemia, occurring with a
prevalence of 15% (n= 7) and 13% (n=6), respectively. In four per-
cent (n=2) of intubations more than two AEs occurred. In both of
these instances, hypoxaemia (n=1) or equipment failure (n=1) lead
to an additional dose of medication being required and bradycardia. In
both these instances, suxamethonium was used.
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Discussion
This retrospective cases series of ETI in an urban HEMS service
provides the first HEMS-specific South African data on ETI perceived
difficulty, success rates, AEs and other variables. At least one factor
suggesting airway difficulty was identified in 29% of cases – the most
common being restricted cervical spine movement due to suspected
injury or fluid in the airway. We identified a first pass success rate of
79% and an overall ETI success rate of 98% in a sample comprised
mainly of adult trauma cases intubated with RSI. At least one AE oc-
curred in 27% of cases, with hypotension and hypoxaemia being the
most common.
Perceived difficult airway factors identified in this study seem to be
associated mostly with the large proportion of trauma-related cases,
reflecting the high prevalence of trauma burden in South Africa gen-
erally [16]. Comparisons with other published data on difficult airways
in the HEMS environment are challenging as most of these report on
Fig. 1. Prehospital intubation protocol.
Table 1
Descriptive data.
Gender, n (%) Male 34 (71)
Female 14 (29)
Age in years, median (IQR) 36 (21)
Setting of Intubation, n (%) Prehospital 40 (83)
In-hospital: Emergency Centre 8 (17)
Location of Intubation, n (%) Urban 28 (58)
Rural 20 (42)
IQR, inter-quartile range.
Table 2
Drugs used for endotracheal intubation.
Type of Induction, n (%) No Induction Required 4 (8)
Deep Sedation 10 (21)
Rapid Sequence Intubation 34 (71)
Induction Agents, n (%) Etomidate 5 (10)
Ketamine 31 (65)
Midazolam 4 (8)
Midazolam and Morphine 4 (8)
Paralytic Agents, n (%) Suxamethonium 33 (69)
Rocuronium 1 (2)
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actual difficulty as estimated by laryngoscopic view while our data
simply reflected a subjective estimate of possible difficulty. Never-
theless, two other studies including data on subjective estimates of
airway difficulty in HEMS services suggest much lower estimates of
between roughly 2% [17] and 20% [18] either as a general impression
of difficulty or as a prevalence of factors associated with perceived
difficulty.
Several other international studies have reported on non-physician
ETI success rates in the HEMS environment. The first pass success rate
observed in this study was towards the higher end of those reported in
similar studies, which range between 59% [8] and 87% [19]. Although
pooling success rates from all operational environments and not just
HEMS, a recent meta-analyses identified a non-physician RSI first pass
success rate of 78% which is very similar to ours [20]. The overall ETI
success rate obtained from our data is in the middle of the range re-
ported in similar studies, which is between 96% [8-10] and 100% [6]. It
also compares favourably with overall success rates from two meta-
analyses reporting non-physician RSI and ETI (both 97%) [21]. In the
series of ETI cases presented here, the presence of 10 (21%) non-RSI
ETIs did not appear to have an effect on overall success rates. The only
failed intubation was an RSI.
Few reports of AEs during non-physician HEMS ETI are available in
the literature for comparison with our data. Reported instances of hy-
potension in a similar environment range between 0.9% [22] and
17.6% [23], thus placing the current study’s rate of 15% towards the
higher end of this spectrum. Although it is difficult to establish what
may have caused this from the available data, the 21% prevalence of
non-RSI ETI which is dependent on sedation with midazolam, typically
at relatively high doses, without paralysis may be partially responsible.
Comparable reported data on hypoxia during ETI range between 0%
[24] and 62% [12], with this study’s hypoxaemia prevalence (13%) at
the lower end of this range. Lastly, comparable reported rates of bra-
dycardia and cardiac arrest range between 1% [7] and 35% [25], and
0% [26] and 4% [27], respectively. The current study’s data thus falls
within the middle to lower range of these reported AEs. All reported
cases of bradycardia occurred when a second dose of suxamethonium
was administered.
The only other South African data on pre-hospital RSI (albeit not in
a HEMS environment) reported by Gunning et al. [28] identified hy-
potension, hypoxaemia and bradycardia in 4.7, 2.3 and 3.5% of cases,
respectively. These proportions are all lower than those in the current
series, however it is important to note that the cases reported by
Gunning et al. were all facilitated with the use of neuromuscular
blockers and did not utilise sedation only which may have had an effect,
particularly on rates of hypotension.
This study has several limitations. All data were self-reported and
thus may possibly have been biased, including the reporting of AEs. The
small sample size did not allow for more detailed comparative analyses
of variables between RSI and non-RSI groups, or other comparisons,
which may have assisted in explaining some of the data. Data on lar-
yngoscopic view (Cormack-Lehane grade) were not available for the
entire dataset and have consequently been omitted from this series
making statements about airway difficulty less certain – these are based
only on factors predicted to be associated with difficulty rather than the
actual laryngoscopic view.
In this small sample of South African HEMS ETI cases, we found
overall and first-pass success rates comparable to those reported in
Table 3
Indications for endotracheal intubation.
Indications for Intubation, n (%) Traumatic Brain Injury 25 (52)
Other Multisystem Trauma 11 (23)
Respiratory Failure 7 (15)
Airway Obstruction 7 (15)
Facial Trauma 7 (15)
Burns 5 (10)
Cardiac Arrest 4 (8)
Decreased LOC with Threatened
Airway
2 (4)
Sepsis 1 (2)
Stroke 1 (2)
Seizure Disorder 1 (2)
Chest Trauma (with flail segment) 1 (2)
LOC, level of consciousness.
Table 4
Predicted airway difficulty.
Predicted Airway Difficulty, n
(%)
Suspected Cervical Spine Injury 38 (79)
Fluid in Airway 17 (35)
Trauma 13 (27)
Obesity 9 (19)
Short Neck 7 (15)
Large Tongue 6 (13)
Burns 5 (10)
Thick Neck 4 (8)
Airway Obstruction 3 (6)
Facial Hair 2 (4)
Reduced Hyomental Distance 2 (4)
Restricted Mouth-opening 2 (4)
Reduced Thyro-hyoid Distance 1 (2)
Reduced Temporo-mandibular
Protrusion
1 (2)
Stridor 1 (2)
Number of difficulties, n (%) 0 6 (13)
1 14 (29)
2 11 (23)
3 10 (21)
>3 7 (15)
Table 5
Clinical parameters.
Pre-intubation (IQR) Post-Intubation (IQR)
GCS 6 (6) 2 (0)
Heart rate 112 (35) 108 (34)
Respiratory rate 20 (16) 8 (9.3)
SpO2 93% (8.8%) 100% (3%)
FiO2 0.88 (0.4) 1.0 (0)
SBP 127 (33) 120 (41)
DBP 80 (33) 81 (27)
GCS, Glasgow Coma Scale; IQR, inter-quartile range; SpO2, arterial oxygen
saturation; FiO2, fraction of inspired oxygen; SBP, systolic blood pressure; DBP,
diastolic blood pressure.
Table 6
Intubation attempts.
One attempt, n (%) 38 (79)
Two attempts, n (%) 6 (13)
Three attempts, n (%) 3 (6)
Failed intubation, n (%) 1 (2)
Table 7
Adverse events.
Adverse events, n (%) Hypotension (SBP < 90) 7 (15)
Hypoxaemia (SpO2 < 90%) 6 (13)
Bradycardia 2 (4)
Additional medication required 2 (4)
Cardiac arrest 1 (2)
Equipment failure 1 (2)
Failed intubation 1 (2)
Adverse event rates, n (%) 0 33 (69)
1 13 (27)
> 2 2 (4)
SBP, systolic blood pressure; SpO2, arterial oxygen saturations.
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similar contexts. We identified a 27% AE rate, with a hypotension rate
in the upper end of the range reported in similar studies. Further re-
search is needed using a larger sample of HEMS ETI cases in order to
corroborate these results and to gain a more detailed understanding of
factors affecting AEs.
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